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METHOD AND APPARATUS FOR CURRENT MEASURSHENT FOR ELECTRONICALLY- 

CONTROLLED PUMP 

SPECIFICATION 

FIELD OF THE INVENTION 
My present invention relates to a determination of the 
current draw of an electronically- controlled pump and to a pump 
provided with such a current-draw measurement • 

BACKGROUND OF THE INVENTION 

Pumps / especially electronically-controlled centrifugal 
p\xmps, can be driven by an electric motor having a motor control 
circuit and supplied with power by a conventional power line. 
The operation of the piimp can be monitored, inter alia, by 
measuring the current draw of the puir^ as a measure of the 
loading of the motor and, therefore, the loading of the pump. 
Other operating parameters can be monitored also for this and 
other pump operation purposes. 

If an increase of the current draw is detected, that 
can represent an increased loading of the pump which may signal 
an overload and require the pump to be shut down. The p\imp may 
have an emergency shutdown circuit which can respond to that 
overload or potential overload. It is also possible to use the 
information, i.e. the current draw, for control of the pump speed 
or for other purposes. 



In the past it has been common to provide within the 
motor control circuit a resistor, usually connected between the 
power line and the input terminal of the motor, i.e. in the power 
part of the circuit, smd to measure the voltage drop across this 
resistor as an indication of the current drawn by the power 
section and hence by the motor. 

Such a measurement resistor has the drawback that it is 
cin extra component which must be introduced at additional cost 
and must be moimted on the circuit board or the like in 
additional soldering steps. Since there is a continuing desire 
for simpler and inexpensive pumps, the provision of additional 
elements such as special measurement resistors and devices for 
tapping a voltage across such resistors, runs covinter to the 
principle of simplification. Furthermore, special resistors as 
have been provided heretofore, contribute to power loss, 
iindesirable heating of the electronic circuitry and, especially 
for continuously operating pumps, to signif icsuatly increase 
costs. The current which must be supplied is likewise increased 
and this can require the wiring for the pump to be more massive 
than is desirable, 

OBJECTS OF THE INVENTION 
It is, therefore, the principal object of the present 
invention to provide a method of determining the current draw of 
a pump which can provide both high accuracy and in a simple 



manner/ measurement of the current draw while nevertheless 
minimizing the operating and fabricating cost of the pump. 

It is another object of the invention to provide an 
improved pump which can be fabricated relatively inexpensively 
and operated inexpensively but which will nevertheless allow 
measurement of the current draw. 

A further object of this invention is to provide a 
method of and an apparatus for measuring the current draw of a 
p-amp without the drawbacks of earlier systems or with mitigation 
of such drawbacks so that, for example, power losses are 
minimized. 

SDMM2VRY OF THE IITVKNTION 

These objects are achieved, in accordance with the 
invention, in a method of determining a current draw of a pump 
driven by an electric motor having a power line and a motor- 
control circuit connected to the power line, the method 
comprising the steps of: 

(a) measuring a voltage drop across at least a portion 
of a conductor having a definite resistance and connecting the 
power line with the motor-control circuit; and 

(b) calculating the current draw from the voltage drop. 
The pump assembly, according to the invention, can 

comprise: 

an electric motor having a power line connected thereto 
for energizing the electric motor; 
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a motor control circuit connected to the motor and the 
power line for electronically controlling the pump assembly; 
a pump driven by the motor; and 

means for measuring a voltage drop across at least a 
5 portion of a conductor having a definite resistance and 

connecting the power line with the motor control circuit and 
calculating the current draw from the voltage drop. 

According to the invention, therefore, a segment of a 
conductor between the control electronics, i*e. the motor control 
1Q:=^ circuit/ and the power line is used as the voltage drop segment 
and the voltage drop is detected across this segment and the 
output of the detector is converted into a measurement of the 
current. As a consequence it is not necessary to solder a 
separate component such as a measuring resistor into the pvmp and 
15 hence for the measurement of the current no additional 
fabricating costs are involved. 

In small circulating pumps for heating purposes, this 
can amount to a saving of about 2% when, instead of the extra 
resistance, a segment of the connecting conductor, which is 
20 customarily provided, is used. It is, of course, self -tinders tood 
that the resistance of the wire segment used for measurement 
should be known and hence defined. The use of the connecting 
conductor makes the separate incorporation of the measuring 
resistor superfluous and therefore simplifies fcd>rication as 
25 well. 
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The use of the connecting conductor segment has made 
the reliability of the measurement and thus the reliability of 
the pxjmp greater since the system eliminates a separate component 
which can be an additional error source. The elimination of a 
measurement resistor, moreover, eliminates a component which can 
decrease the efficiency of the pump, give rise to iindesired 
heating in the pump or in the electronic circuitry, and pose 
problems with respect to positioning, lonounting and the like. The 
space required for electronic circuitry and hence the puit^ 
dimensions can be held low since the additional component is not 
required and that permits the putnp to be used in limited 
environments. The invention is particularly advantageous for 
small pumps in circulating hot-water systems. 

An especially precise current measurement is possible 
when a processor, especially a microprocessor or microcomputer, 
is incorporated in the motor control circuit and is used to 
detect the voltage drop over the segment of the connecting 
conductor. Such a microcomputer can calculate in an especially 
simple way the current drawn by the pump from the value of the 
current determined in the conductor segment. Furthermore, the 
microcomputer can permit factors which may influence the 
measurement of the current draw, such as the temperature of the 
conducting segment or the influence of the motor- control circuit 
on the current drop to be taken into consideration. The 
consideration of such factors is important since a relatively 



sinall current in the motor-control circuit is used to indirectly 
provide a measurement to the much larger current draw« 

It has been found to be especially advantageous to use 
a segment of the connecting conductor which itself has a well- 
defined resistance and can be composed from so-called resisteuice 
wire, namely, a wire having a predetermined specific resistsmce, 
this resistance wire can be cut to a predetermined length and 
used in the pump circuitry. Such resistance wires have within a 
temperature range an entirely predictable relationship between 
current flow and voltage drop so that the temperature 
characteristic of the wire segment can be programmed into the 
microcomputer as a data set or as a correction instruction for 
calculating the current. 

In an especially advantageous eir^odiment the conductor 
is cold- soldered or bonded between a plug contact to which the 
power line is connected and the printed circuit board of the 
motor control circuit and can have a resistance of about 1-5 m2. 

BRIEF DESCRIPTION OF THE DRAWING 
The above and other objects, features, and advantages 

will become more readily apparent from the following description, 

reference being made to the accompanying drawing in which: 

FIG. la is an elevational view of a circulating pump 

incorporating the invention; 

FIG. lb is a view similar to FIG. la of another 

embodiment of the circulating pump partly broken away; 



FIG* 2 is a diagrammatic cross sectional view showing a 

bonded conductor; 

FIG. 3 is a diagram illustrating the invention; and 
FIG« 4 is a more detailed circuit diagram showing 

principles of the invention. 

SPECIFIC DESCRIPTION 

FIG. la shows a centrifugal pvimp 1 in the form of a 
hot-water circulating pximp for a hot -water heating system which 
has an inlet 2, an outlet 3 and a ptmp housing 5 connected to the 
housing of a motor 4. The usual impeller or rotor of the puixxp is 
provided in the housing 5. The electric connection to the pump 1 
is effected via a terminal box 6 which can include the motor 
control circuitry 8 (FIG. 3) and the connectors for the power 
supply, referred to here as the power circuit 7. 

FIG. lb shows a similar pymp without the terminal box 6 
but with a direct connection 18 between the power line and the 
motor housing 4. In this case, the motor control circuitry is 
provided in a compartment 19 attached axial ly to the motor 
housing and having a plug 20 for connection to the power line. 
In the housing 19 the electronic components 21 are provided on a 
ceramic support or printed circuit board 22 which has a wire 
segment 23 soldered to the plug 20 and the printed circuit board 
22 and serving as the connecting segment between the power line 
and the motor control circuit. 
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The einbodiment of FIG* 2 shows a section through the 
terminal box 6 which has a foot 9 mounting it to the motor 
housing. In the box 9 the printed circuit board 10 carries the 
motor control circuit and a plug contact 11 is provided in the 
5 power circuit running to the winding of the motor 4. Between the 
plug contact 11 and the terminal 12 of the printed circuit board 
10/ a wire segment 13 is provided with a bonded wire. The bonded 
wire 13 has in this case a resistance of 2-3 m£2 and is used for 
the current measurement. 
IQ 1 The principle of the invention is shown in FIG. 3 where 

a power connector 14 has a power conductor 16 rxinning to the 
power electronics 7 of the motor and a conductor segment 17a 
bridges the power section and the motor-control section 8. The 
segment 17a is connected via a line 17 sxipplying the motor- 
ic, control circuit. The measurement resistauice is here the segment 
17a shown in broken lines. 

More particularly-/ the power source can be. seen with a 
line current 30 in FIG. 4 and can have a power line 31 connected 
to the power electronic circuitry shown in heavy lines in FIG. 4 
20 and thus to the motor 32 driving the piamp 33 and, in particular, 
to the motor windings. The power circuitry can include the 
rectifiers 34 forming a standard bridge and a thyristor 35 
controlling the motor operation and connected via a resistor 36 
to one side of the power line. A microcomputer 37 is bridged 
25 across the segment 38 of the conductor supplying the motor 

control circuitry 39 to detect the voltage drop thereacross and 



- 8 - 



21222 



provide a measurement of the current draw of the motor 32. That 
output may be used to cut off the operation of the motor in the 
case of an overload or as the basis of a display 40, 

The motor- control circuitry can provide signals 
5 operating the thyristor as a chopper for the sine wave input 

voltage and including the standard transistors 41 and 42 and bias 
resistors 43/ 44 and 45. A diode 46 is provided between the 
anode of the thyristor 35 and the microprocessor. Apart from the 
use of the circuitry of FIG. 4 to detect the current draw, the 
IQ:::, system is a conventional motor-control system. A temperature 

sensor such as a thermocouple can be provided at 47 to provide an 
input to the microprocessor for correction of the current 
measurement as a ftanction of the temperature of the sensing 
segment 38 of the conductor connecting the power side of the 
15 system to the motor- control circuit. 
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I CLAIM: 

1 1. A method o£ determining a current draw of a pump 

2 driven by an electric motor having a power line and a motor- 

3 control circuit connected to said power line, said method 

4 comprising the steps of: 

5 (a) measuring a voltage drop across at least a portion 

6 of a conductor having a definite resistance and connecting said 
^ power line with said motor-control circuit; and 

' f;; (b) calculating said current draw from said voltage 

drop . 



I 2 . The method defined in claim 1 wherein said portion 

W of said conductor having said resistance is a piece of current 

sxipply line connecting the power line with said motor-control 

circuit • 



1 3. The method defined in claim 1 wherein the voltage 

2 drop is measured and the current draw is calculated from said 

3 voltage drop by a computing unit forming part of said motor- 

4 control circuit. 
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1 4. The method defined in claim 1 wherein a current 

2 measured in said portion of said conductor is converted into a 

3 current draw of said puir^). 

1 5. The method defined in claim 1 wherein in 

2 calculating said current draw from said voltage drop, a computer 

3 unit forming part of said motor control circuit compensates for a 
4=1 temperature of said portion of said conductor. 



ii] 6. An electronically controlled beam especially 

i i comprising: 

3; an electric motor having a power line connected thereto 

4n for energizing said electric motor; 

^] a motor control circuit connected to said motor and 

6;;^ said power line for electronically controlling said p\imp 

7 assembly; 

8 a pump driven by said motor; and 

9 means for measuring a voltage drop across at least a 

10 portion of a conductor having a definite resistance and 

11 connecting said power line with said motor control circuit and 

12 calculating said current draw from said voltage drop. 
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1 7. The asseinbly defined in claim 6 wherein said 

2 portion of said conductor is a piece of resistance wire with a 

3 known specific resistamce and a defined length. 

1 8* The assembly defined in claim 6 wherein said 

2 portion of said conductor is a bridge between a plug contact to 

3 which said power line is connected and a printed circuit board 

4f ] carrying said motor control circuit, said bridge having a defined 

S': resistance. 



i; : 9. The assembly defined in claim 6 wherein said 

resistance is between 1 and 5 mQ. 



1!:; 10. The assembly defined in claim 6, further 

2 comprising a processor forming part of said motor control circuit 

3 and constituting the means for measuring and calculating. 

1 11. The assembly defined in claim 10 wherein said 

2 processor is provided to compensate for the temperature of said 

3 portion of said conductor. 
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ABSTRACT OF THE DISCLOSURE 

The current draw of a pximp driven by an electric motor, 
especially a centrifugal pump such as a heating -system 
circulating pump, is measured by detecting the voltage drop 
across a conductor segment connecting the power side and hence 
the power line to the motor control circuit. This eliminates the 
need for a separate measurement resistor. 

m ef- 
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